The Marine Mammal Programme (MMP) conducts research on pinnipeds and killer whales at Marion Island, Prince Edward Islands, under the auspices of the Mammal Research Institute, Department of Zoology and Entomology, University of Pretoria. The early history of the MMP is described, emphasizing the contributions in subsequent years, ending with current research. The setting up of long-term studies such as the mark-resighting of southern elephant seals Mirounga leonina was implemented in 1983. The varying fates of the three seal populations are described, with the Marion Island elephant seal population declining by 87% from 1951 to 2004, followed by a change in growth rate in 1997 and a current increase. Sympatric populations of Subantarctic fur seals Arctocephalus tropicalis and Antarctic fur seals A. gazella breed at Marion Island and the recovery (following cessation of commercial sealing) and subsequent rapid increase of these populations are documented. Insights into many aspects of elephant seal and fur seal biology, including life-history, demography, diet, growth, foraging and ranging behaviour are described.
seal pup count was carried out at the conclusion of the 1976 breeding season by MNB (reported in Condy 1978a). The pioneering study of killer whales in inshore waters (Condy et al. 1978) was elaborated on in an opportunistic fashion (Keith et al. 2001 ). Throughout, personnel were also alert to seal vagrants (Kerley 1983a) or transients hauling out, sightings of cetaceans (Condy and Burger 1975 , Ryan and Bester 2008 , fur seal females successfully rearing twin pups Kerley 5 1983, de Bruyn et al. 2010 ) and extraordinary leucistic individuals (de Bruyn et al. 2007 , Reisinger et al. 2009 ). Terrestrial feeding events by fur seals (Hofmeyr and Bester 1993 , de Bruyn et al. 2010 , Reisinger et al. 2010a , curious phenomena (de Bruyn et al. 2008a , 2008b , Reisinger at al. 2010b , McIntyre et al. 2011a and effects (or not) of anthropogenic factors such as disturbance (Wilkinson and Bester 1988, Wheeler et al. 2011 ) and entanglement (Hofmeyr and of marine mammals were also recorded. The overwhelming majority of marine mammal research was done at Marion Island, with neighbouring Prince Edward Island being researched less frequently. PEI was visited usually during March to May in earlier years (Cooper and Avery 1986) , once in November 2004 to census and tag elephant seal pups of the year (Bester and Hofmeyr 2005) , and during dedicated surveys in December 2001 (Crawford et al. 2003 , Cooper et al. 2009 ).
Marking elephant seal (weaned) pups with monel metal tags to identify individuals commenced in 1974 (Condy and Bester 1975) , and was continued to 1980 with varying intensity and effort to record resightings (Condy 1977) , in tandem with population censuses and elucidating haulout behaviour (Condy 1978a (Condy , 1979 . In 1983 the renewed mark-recapture study of the southern elephant seal population (using plastic rototags) was initiated (Bester 1988a (Bester , 1989 ) and expanded in 2006 (de Bruyn et al. 2008c ) to determine population parameters after accounting for tag-loss (Wilkinson and Bester 1997 , Oosthuizen et al. 2010 ) and has been maintained without interruption to the present (de Bruyn & Bester 2010) . After a preliminary attempt to satellite track elephant seals at sea in 1987/88 (Bester 1983 ) the subsequent use of geolocating time-depth recorders provided the first information on the at sea ranging and diving behaviour of southern elephant seals Pansegrouw 1992, Jonker and Bester 1994, 6 1998) other than relying on sightings of tagged seals at sites other than at their birth site (Bester 1988a , 1989 , Reisinger and Bester 2010 .
Initially the focus was on determining the distribution, abundance and annual haulout cycle of the southern elephant seal (Condy 1978a (Condy , 1979 and to determine the population status of the fur seals Arctocephalus spp. (Condy 1978b) at the PEIs. Results of these and ancillary studies were summarised in Skinner et al. (1978) , Bester (1982 Bester ( , 1984 Bester ( , 1988a and Condy (1984) , with Bester and Jouventin (1984) and Bester (1988a) mapping a way forward for seal research in the region (Kerguelen Province) as a whole. The finding that the elephant seal population was on the decline (Condy 1978a) and that two species of fur seal, the Subantarctic fur seal A. tropicalis and Antarctic fur seal A. gazella, bred in sympatry on the PEIs, apparently hybridized, and were on the increase (Condy 1978b) prompted further studies (Kerley 1987 , Wilkinson 1992 as explained in Bester and Skinner (1991) .
Population Biology and Ecology
As a result of the earlier findings, the further decline in southern elephant seal numbers were documented (Wilkinson 1992 , Pistorius et al. 1990a ). The Marion Island elephant seal population declined by 87% from 1951 to 2004, with population numbers reaching a nadir in 1993. This decline was followed by stabilization in the period 1994-1997 (Pistorius et al. 1999a ,b, McMahon et al. 2005a ) with a hint of an increase subsequently (McMahon et al. 2005b . Hypotheses for the decline varied from density-dependent mechanisms such as paucity of males, population "overshoot" and pandemic disease to extrinsic factors such as predation, competition with fisheries concerns, interspecific competition, environmental change and human 7 disturbance (McMahon et al. 2005a) . The "paucity of male" hypothesis (Skinner and Van Aarde 1983) was found wanting Wilkinson 1994, Wilkinson and Van Aarde 1999) and the "prey limitation" hypothesis increasingly found support (Pistorius and Bester 2002 , McMahon et al. 2003 , Pistorius et al. 2005 . The controversy that arose e.g. whether population declines/stabilization are driven by juvenile survival and their recruitment into the breeding population (McMahon et al. 2003 (McMahon et al. , 2005a or adult (particularly female) survival (Pistorius et al. 1999a , 1999b , 2004 or a combination of the two factors (McMahon et al. 2005b , and to what extent these explanations contribute to the determination of population size (McMahon et al. 2005b) , remains. Despite this, an increase in survival (Pistorius et al. 2004 (Pistorius et al. , 2005 , decrease in the age of first reproduction with a concomitant increase in female fecundity (Pistorius et al. 2001a , Bradshaw et al. 2002 , and significantly higher weaning weights of elephant seal pups (McMahon et al. 2003) suggested improved future juvenile survival (McMahon et al. 2000) , after the end of the decrease. All of these are likely to be attributed to improved food availability (Pistorius et al. 2004 , McMahon et al. 2005b ) and therefore maternal foraging success. Although pre-weaning pup mortality remained the same throughout (Pistorius et al. 2001b) , there is evidence for density dependent population regulation in southern elephant seals in the southern Indian Ocean (Pistorius et al. 2008a , McMahon et al. 2009 ).
In terms of foraging, the demographics of the Marion Island adult female seal population therefore reflects the per capita food availability; (a) in a reasonably well circumscribed area within 1500 km upstream from the island in the area bounded by 40 -55° S, where they spend most time in areas at the outer edge of their feeding range during the three month post-breeding period, largely within inter-frontal zones south of the Antarctic Polar Front (APF), and between Adult males born on the island behaved similar to adult females during the post-breeding period (Malherbe 1998) . More recent investigations into the migration patterns of elephant seals from Marion Island, however, showed more predictable travel directions (predominantly south-west of the island), although individual variation in migration strategies was also evident (Tosh 2010) .
As a result of the intensive tagging programme that commenced in 1983, known-age individuals abounded in the southern elephant seal population. The variation in the timing of the moult haulout (Kirkman et al. 2003a ) and breeding haulout (Kirkman et al. 2004 ) was found to progress by age (i.e. younger individuals of both sexes moulting first). Participation of the elephant seals in the winter haulout by age and sex (Kirkman et al. 2001 ) allowed the investigation of future survival and resighting probability . Additional information on the nutrient input of moulting elephant seals to the coastal terrestrial ecosystem (Panagis 1984a (Panagis , 1984b (Panagis , 1985 , dispersal and dispersion of the southern elephant seals during (Panagis 1981 , Wilkinson and Bester 1990a , Munyai 2006 ) and between haulouts (Hofmeyr 2000) , including between island movements (Bester 1989) , were collected. Haulout site selection by southern elephant seals was, for the first time anywhere, quantitatively demonstrated (Mulaudzi et al. 2008) .
Following the karyotyping of the southern elephant seal at Marion Island (Robinson and Condy 1979) , fine scale genetic analyses showed that the mean relatedness among individual elephant seals was high (Chauke 2008) . This observation reflects the high degree of site fidelity and philopatry shown (Hofmeyr 2000) , and allowed comment on how this highly mobile marine 9 species responded to the gain and loss of new breeding habitat over evolutionary time ).
. On the other hand, both species of fur seal increased exponentially (Kerley 1983b , 1987 , Wilkinson and Bester 1990b , Hofmeyr et al. 1997 , 2006 following the classical S-shaped curve typical of recolonization (Roux 1987 , Hofmeyr et al. 1997 . Whereas the Subantarctic fur seal population increased intrinsically (Hofmeyr et al. 1997) , with some individuals emigrating (Bester 1989, Goldsworthy and Shaughnessy 1989) , the Antarctic fur seal population was augmented by immigrants (Wilkinson and Bester 1990b) . These individuals probably travelled from the Scotia Arc islands (de Bruyn et al. 2007) , at least one of those arriving from South Georgia (MRI and British Antarctic Survey unpublished data). The initial research of Condy . Cranial morphometrics of a shot sample of fur seals were used to separate the two species and their putative hybrids (Kerley and Robinson 1987) , and to investigate inter-population differences in the Subantarctic fur seal cranial morphology (Kerley et al. 2000) . The first comprehensive determination of fur seal pup growth from birth to weaning, the establishment of median pupping dates which differed substantially for the two species (Kerley 1985) , and the attendance pattern of lactating females during summer (Bester and Bartlett 2000) were elucidated. This set the baseline for future comparisons of median birth date (Hofmeyr et al. 2007 ), female attendance patterns and the resulting pup growth (Kirkman et al. 2002 (Kirkman et al. , 2003b .
Condy (1981) estimated the annual food consumption (based upon stomach contents of another shot sample of fur seals, and literature on the diet of elephant seals) and seasonal fluctuations in biomass of the three species of seal on the island. The sampling of fur seals allowed ancillary research on the fur coat of the Subantarctic fur seal (Condy and Green 1980) and whole-mass corrections from piecemeal determinations (Kerley and Bester 1983) for use in body growth and adult size estimations (Kerley 1987, Bester and Van Jaarsveld 1994) .
Analyzing diet from scats by retrieving the remaining hard parts that are specific of prey on a monthly basis commenced in 1989 (Klages and Bester 1998) and is ongoing (Makhado 2002 , Ramunasi 2010 , de Bruyn and Bester 2010 . When rearing their young, both Antarctic and Subantarctic lactating fur seals forage at sea to feed mostly on myctophid fish and secondly on squid (Klages and Bester 1998 , Makhado 2002 . Despite the separation of the two species and the putative phenotypic hybrid based upon external morphological characteristics (Condy 1978b, Bester and Wilkinson 1989) , craniometrics (Kerley and Robinson 1987) and genetics (Wynen et al. 2000 , Kerley 1989 , to date only one genotypic hybrid (based on biopsy samples from pups) has been confirmed (Maboko 2008) . Furthermore, based on biochemical genetic data (variation in transferrin types), the two fur seal species appeared fixed for alternative alleles indicating low gene flow between these two species (Kerley 1989).
However, phenotypic hybrids from both Marion Island and Prince Edward Island continue to be reported.
Current Research Focus
Given the baseline data that have been collected over a number of years, the revolutionary use of miniaturized satellite-linked platform transmitter terminals (PTTs), Global Positioning System (GPS) dataloggers and electronic time-depth recorders (TDRs), directly fixed to the animals that allow precise determination of their distribution at sea, their foraging behaviour, and characterization of their feeding areas (Bonadonna et al. 2000 , Fedak 2004 ), was inevitable. This was reinforced by the growing need to understand changes (whether natural or man induced) in the abundance of economically important species (Croxall 1992) and thus the focus of research
shifted. An environmental response of upper trophic-level predators has already revealed a system change in the Antarctic marine ecosystem (Reid and Croxall 2001, Weimerskirch et al. 2003 ) and climate change is known to be affecting the Southern Ocean (Croxall 1992), including the surrounding waters of the Prince Edward Islands (Rouault et al. 2005) . It is widely anticipated that impacts on marine mammals will be mediated primarily via changes in prey distribution and abundance (Simmonds and Isaac 2007) . To understand such a complex system, the identification and study of species that could be used as indicators of environmental change are needed (Croxall 1992 (Croxall , 2006 . Especially effective are those for which sufficient biological and ecological data are available, that are relatively easy to work with, tolerant of human activities, and that are important consumers and sensitive to changes in prey availability, such as the pinniped species at Marion Island.
Consequently, the focus has broadened to include the at-sea distribution and diving behaviour of the elephant seals (Tosh 2010 , McIntyre et al. 2010a and fur seals (de Bruyn et al. 2009b ). Significantly, in female fur seals the attendance behaviour, i.e. the pattern in which fur seal females deliver nourishment to their growing young, is divisible into quantitative measures such as the number and duration of visits to shore from birth to weaning, the number and duration of trips to sea, changes in trip duration as a function of the pup's age, and suckling frequency while ashore (Gentry and Kooyman 1986) . These parameters can continue to be explored (Bester and Bartlett 2000 , Kirkman et al. 2002 , 2003b in conjunction with at sea distribution (de Bruyn et al. 2009b ) and foraging behaviour such as spatial and temporal distribution in dive characteristics (e.g. McGafferty et al. 1998 , Lea et al. 2006 ). In fur seals, the pattern of pup provisioning and its regularity determine the growth of their pups: pups that are suckled frequently and regularly grow faster than the other ones . Furthermore, maternal performances at sea (i.e. the amount of energy mothers acquire at sea) mostly determine the amount of milk transferred to the pup . In elephant seals, on the other hand, food availability may be reflected in a change in the energy reserves of mothers, and it consequently will also affect the mass of pups at weaning, which differs amongst populations (Burton et al. 1997 ). The weaning mass of pups also vary within populations during different phases of population growth (McMahon et al. 2003) , and under environmental impacts such as El Niño and La Niña (Vergani et al. 2004 (Vergani et al. , 2008 .
Irrespective of the species, pup provisioning results in the growth of the pup, the body mass of which at weaning seems to be an important factor for its future survivorship (McMahon et al. 2000) . Consequently it is an important factor in population dynamics (McMahon et al. 2002 , Chambellant et al. 2003 , but also for testing maternal investment theory (Wilkinson and Van Aarde 2001) . Pups of both fur seals and elephant seals therefore continue to be weighed using standard and simple weighing techniques (Kerley 1985 , Wilkinson and Bester 1990a , 1990b , and with the recent development of a photogrammetric technique to determine body mass (de Bruyn et al. 2009a) , all other age classes as well. The comparison of population parameters (e.g. abundance, survival, fecundity), somatic body growth and foraging ecology between seal species, and between populations of the same species operating under different conditions (temperate, sub-Antarctic, Antarctic) provides an opportunity to determine how these animals respond to differences in food availability, resource demands and abiotic conditions in contrasting marine environments (Bradshaw et al. 2002 , McMahon et al. 2003 , 2005a , 2005b , Pistorius et al. 2004 , 13 Lea et al. 2010 . Therefore, we continue to develop the internationally-significant long term (McMahon et al. 2005b) , and (i) consider the effects of capture probability, tag loss and emigration/immigration on the population dynamics (Oosthuizen et al. 2009 (Oosthuizen et al. , 2010 (Oosthuizen et al. , 2011a . Unlikely to be responsible for the former decline of southern elephant seals at Marion Island (Keith et al. 2001 , killer whales in inshore waters received renewed attention with focused photogrammetric ID which led to a description of social interactions/groupings (Tosh et al. 2008 ), a population estimate (Reisinger et al. 2011a ), prey and seasonal abundance (Reisinger et al. 2011b) , and likely influence on the local populations of seals and seabirds (Reisinger et al. 2011c ).
Significant variation in measurements of any of the above, between seasons or years within a population, or between populations, may indicate differences in prey distribution and/or relative abundance (Bester and Van Jaarsveld 1994 , de Bruyn et al. 2009b , McIntyre 2010a , Tosh 2010 . The current research acts to improve our knowledge of the way oceanographic conditions affect the four marine mammal top predators breeding at the Prince Edward Islands (PEIs), in order to use them as bioindicators of environmental conditions and as tools for suitable management of natural resources. As such it would significantly contribute towards marine ecosystem observing systems in South Africa (see Moloney and Shillington 2007) . Furthermore, the proposed development of a fine scale conservation plan for the PEIs and the neighbouring Îles Crozet in the Southern Indian Ocean requires a better spatial understanding of the biodiversity patterns and ecosystem processes in this area (CCAMLR Statistical Areas 58.6 and 58.7), so as to inform its most intelligent management (Nel et al. 2008) , incorporating the design of the proposed PEIs Marine Protected Area (Lombard et al. 2007 ).
To date, alternative methodologies of diet analyses have not been considered. Stable isotope and fatty acid signature analyses (Hobson et al. 1997 , Iverson et al. 2004 , Deagle et al. 2005 ) provide less specific, longer term data that are useful in many situations (Lea et al. 2002) , but they typically require animal capture and do not provide taxonomic and/or the numerical resolution that is often obtainable from scat analysis (Deagle et al. 2005) . Furthermore, isotopic variance is influenced not only by feeding habits but also by individual physiology and variability in diettissue fractionation (Bearhop et al. 2004) , and inherent variability should be measured to establish baseline variability in wild populations before any assumptions are made about the influence of diet (Barnes et al. 2008) . Neither have genetic analysis of the predators" DNA present in scats been considered to unequivocally ascertain which species (Farrell et al. 2000) and 15 sex (Reed et al. 1997 , Deagle et al. 2005 ) deposited the scats, as the setting up of the scat collecting experiment in carefully selected areas largely precludes this uncertainty with little cost Bester 1998, Makhado et al. 2008) . Nor have we considered actual prey identification from DNA analysis (Deagle and Tollit 2007) because of prey-specific biases in DNA survival during ingestion (although the biases may be less than those commonly observed in conventional diet studies), and the cost of analyses. Collaborators will be sought to explore the aforementioned avenues of research, some of which have already been addressed (see Lea et al. 2010) . Stomach lavage of fur seals (Ferreira and Bester 1999) and elephant seals (S.P.Kirkman, personal communication) on Marion Island following physical and/or chemical immobilization Bester 1999, Bester 1988b ) is invasive, questionable on ethical grounds, and the results are biased, although it has been frequently used elsewhere (Croxall 1993) . A pilot study into stomach lavage at Marion Island rarely produced identifiable prey items from the primarily fasting seals (unpublished results), and is biased towards the most recent meal(s) and prey with undigestible remains that accumulate in the stomach such as cephalopod beaks Laycock 1985, Ferreira and Bester 1999) . Such results are therefore not representative of the whole diet of the far-ranging elephant seals in particular, and investigations using this technique were discontinued. Genetic profiling of the fur seal populations (Wynen et al. 2000 , Maboko et al. 2007 ) and the elephant seal population (Chauke 2008) is underway, and provide additional information of long-range movements (de Bruyn et al. 2007 , Chauke 2008 , Ferreira et al. 2008 , apart from tracking Bester 19998, de Bruyn et al. 2009b, Tosh 2010 ) and tag recoveries (Bester 1989, Reisinger and .
Co-ordination of Research
Co-ordination of the overall research effort was facilitated by the establishment of Antarctic 
